Mutations in the p53 tumor suppressor gene have recently been reported to have an impact on clinical trials of several human tumors, including head and neck cancers. To confirm the p53-dependence of X-ray induced apoptosis, we used two cell lines derived from a human squamous cell carcinoma (SAS) with identical genetic backgrounds, except for the p53 gene, which are SAS/mp53 cells with mp53 and SAS/neo cells with wtp53. We previously reported that the radiosensitivity, Caspase-3 activity and apoptosis frequency in SAS/neo cells were clearly high as compared with SAS/mp53 cells. In order to elucidate the expression of apoptosis-related genes after irradiation, we used cDNA array analysis. The expressions of apoptosis-inductive genes, such as DFF40, and CRADD, were increased by X-ray irradiation in SAS cells with wtp53, but not in SAS cells expressing mp53. These results suggest that the X-ray sensitivity of wtp53 cells may come from the expression of these apoptosis-related genes.
INTRODUCTION
In outbreak development processes of cancer, it is thought that bad forms of cancer cells carrying functional abnormality might be brought from the variation or deletion of oncogenes and/or tumor suppressor genes in the multistage 1) . The tumor suppressor gene of p53 is localized in chromosome 17p13 and prevents the malignant degeneration of a normal cell by regulating cellcycle arrest, apoptosis and DNA repair. Therefore, it is called a guardian of the genome 2) . An abnormality of the p53 gene introduces a genetic instability and raises the probability of carcinogenesis and teratogenesis 3) . In particular, p53 mutations are seen in high frequency in most human tumors; it is recognized in about half of all malignant tumors in human oral epidermoid cancer 4, 5) . The p53 molecules have multifunctional activities, including activity as a sequence-specific transcription factor, whose transcriptional target genes induce DNA repair, growth arrest and apoptosis. We have already reported that the p53 gene status affects the X-ray sensitivity of human cancer cells. Especially, wtp53 cells are X-ray sensitive compared to mp53 cells by using two kinds of cell lines of a human squamous cell carcinoma (SAS) with identical genetic backgrounds, except for the p53 gene 6) . The p53 molecules are phosphorylated by X-rays, and the activated p53 works directly on the down-stream genes for the induction of gene expression 7) . When the p53 gene is normal, the induction of apoptosis is observed more efficiently by X-ray irradiation 8) . We assayed in this experiment apoptosisrelated gene expression after X-ray irradiation at 6 Gy, D 10 of SAS/neo, by cDNA array. From a small amount of mRNA, the method of array analysis can reveal changes with the expression of many genes at the same time, and has recently been frequently applied. Although several papers about DNA array analysis have been published in concerning human cells irradiated with Xrays [9] [10] [11] [12] [13] , there are no papers with identical genetic backgrounds, except for the p53 gene. The analysis of gene expression at different times is quite useful to monitor p53-centered signal transduction pathways for radiation-induced apoptosis.
MATERIALS AND METHODS

Cells
We used human squamous cell carcinoma cells of the tongue, SAS/neo and SAS/mp53 cells 7) . SAS/neo cells showed the phenotype of wtp53 in heat-or X-ray-induced signal transduction 8, 14) , although they have a point mutation at codon 336 of exon 10 in the p53 gene 15) . SAS/mp53 cells contains an mp53 (from Arg to Trp at codon 248) gene which produces a dominant negative mp53 protein 16) . Otorhinolaryngology Nara Medical University, 840 Shijo-cho, Kashihara, Nara 634-8521, Japan
X-ray irradiation
For an X-ray irradiation treatment, subconfluent cells in 75-cm 2 flasks containing DMEM-10 were exposed to X-rays (6 Gy, 1 Gy/min) using a 150-kVp X-ray generator (Model MBR-1520R, Hitachi, Tokyo, Japan) with a total filtration of 0.5 mm aluminum filter, plus a 0.1 mm copper filter, and then incubated at 37°C in a conventional humidified 5% CO 2 incubator. It was identified that X-ray irradiation at 6 Gy was D 10 of SAS/neo in a past study 6) .
RNA isolation
We sampled at 3, 6, 12, 24 and 48 h after X-ray irradiation (6 Gy) of the SAS cells. About 1 × 10 6 subconfluent cells were contained in 75-cm 2 flasks. From about 1 × 10 6 cells the total RNA was extracted using RNeasy Mini kit (QIAGEN, Valencia, CA, USA) methods according to the manufacturer's instructions. Dynabeads ® Oligo (dT) 25 (Dynal A.S., Oslo, Norway) were used to isolate poly A+ RNA from the total RNA.
cDNA array analysis
We used the DNA array produced by R&D Systems (Minneapolis, MN), Human Apoptosis Expression Array, that the cDNA of 198 genes were printed on one piece of membrane as apoptosis-related genes. Apoptosis-inducing factors, apoptosissuppressor genes and Bcl-2-related genes have 32, 5 and 12 species, respectively. In addition, Caspase-related genes are contained in apoptosis-related genes. A half µg of mRNA from each sample was converted into 33 P-labeled first-strand cDNA by reverse transcription using apoptosis-specific primers, according to the manufacturer's specifications. Probes were purified and hybridized to the filter array overnight at 65°C. The filters were washed and exposed to the phosphorimaging plate, and the differences in the signals among the samples were scanned by a Phosphor Imager analyzer (BAS 5000; Fuji Film, Tokyo, Japan) and analyzed by NIH Image. The mRNA from the non-irradiated cells was treated as a control. The relative signals from different arrays were normalized by representing the spot signal as a percentage of the signal from a housekeeping gene known not to change between samples. This DNA array contains eight kinds of housekeeping genes (β 2 M, β-Actin, Cyclophilin A, HLA-A 0201 heavy chain, HPRT, L19, Transferrin R, α-Tubulin). We averaged the signal from several housekeeping genes, and compared the corresponding normalized signals on different arrays to determine the fold-induction or fold-reduction in the expression of gene-specific mRNAs between samples. The pairs of duplicate spots representing each gene were spotted on one piece of membrane. Hybridization to the DNA array was done twice, and the average was shown in the result.
RESULTS
After X-ray irradiation at 6 Gy of SAS/neo and SAS/mp53 cells, mRNA was measured at the indicated periods, and then used for cDNA synthesis. The degree of the gene expression was analyzed by a DNA array containing apoptosis-related genes and measured by a NIH Image analysis. The mRNA from the irradiated cells was compared with that from the non-irradiated cells. The response of the mRNA synthesis by X-ray irradiation was standardized with the housekeeping genes. The response of the gene expression after the X-ray irradiation was classified into five groups, depending on the degree of gene expression after Xray irradiation. Inductive genes and depressive genes for apoptosis induced by X-ray irradiation are shown in Table 1A and 1B, respectively.
In SAS/neo cells, the gene expression of MDM2 (murine double minute 2) decreased at 3 h after irradiation, and that of p53 increased from 3 h later. In a target gene of p53, Bax (bcl-2-associated X protein) was induced after irradiation compared with p21 conspicuously 12 h later. Bcl-2, which acted to suppress apoptosis, decreased 3 h after irradiation, and Bcl-xL (B-cell CLL/lymphoma x the long isoform) increased transiently 12 h after irradiation. On the other hand, Bak (bcl-2 homologous antagonist/killer), Bik (bcl-2 interacting killer) and Bim EL (Bcl-2 interacting mediator of cell death encoding the largest isoform), which act to promote apoptosis, increased 6-12 h after irradiation, and the increased expression of Bim EL continued afterward to 48 h. Increased expression was seen for the apoptosome-related genes, Caspase-9 and Apaf1 (apoptotic protease activating factor 1), which allow the release of Cytochrome c from the mitochondria. Other downstream genes were also upregulated, including Caspase-3 and DFF40 (DNA fragmentation factor 40). The expression level of the DFF45 (suppressor for DFF40) decreased 48 h after irradiation. Although an increase of Caspase-8 and Bid (BH3 interacting domain death agonist) was found 12 h after irradiation, there was no expression of Fas L (Fas ligand) and TNF-α (tumor necrosis factor-α). IAP (inhibitor of apoptosis protein) increased with an increase of the gene expression of Caspase-9 6 h after irradiation. AIF (apoptosis-inducing factor) increased 6 h after irradiation.
In SAS/mp53 cells, no increase in the gene expression was observed for DFF40, Caspase-3, Caspase-8, Caspase-9, Caspase-10 and CRADD (caspase and RIP adapter with death domain), each of which increased in wtp53 cells. Remarkably, the expression of the apoptosis-suppressive gene did not increase, but, rather, the expression of the apoptosis-inductive genes was depressed.
DISCUSSION
We have already reported the following fact 8, 17) : (i) The survival rate of 6 Gy irradiation in SAS/neo and SAS/mp53 is 10% and 25%, respectively; (ii) By Western blot analysis, p53, Bax proteins, the activated Caspase-3 and digested PARP molecules were clearly observed only in SAS/neo cells; (iii) A high frequency of apoptosis and DNA ladders were clearly detected only in SAS/neo cells. From these past data, we thought that the p53-dependency of X-ray-induced apoptosis was a cause of the survival-rate change. Table 1 . Radiation response of gene expression after X-ray irradiation.
To understand the p53-dependece of X-ray-induced signal transduction at the mRNA level, we measured the degree of gene expression of apoptosis-related genes at different periods after X-ray irradiation with duplicate experiments using DNA array. From the experimental results, we found quite different values in various genes of the DNA array. Therefore, we classified five groups that are dependent on the degree of X-ray effects on gene expression ( Table 1 ). The gene expression of DFF40, Caspase-3, Caspase-8, Caspase-9, Caspase-10 and CRADD was increased by X-ray irradiation in wtp53 cells, not but in mp53 cells. Although an increase of Caspase-8 expression was observed after irradiation, there was almost no expression of Fas L and TNF-α. These results suggest the existence of a Caspase-8 activation pathway which does not depend on Fas and TNF (Table 1A) . However, there are also some reports of the Caspase activation pathway upon receptor oligomerization in the condition without a ligand 18, 19) . In mp53 cells, X-ray irradiation hardly affected the expression of apoptosis-related genes (Table 1B) . From these experiments, an apoptosis pathway (Fig. 1) can be inferred following X-ray irradiation. These results suggest that X-rays induce a subset of apoptosis-related genes in wtp53 cells, but not mp53 cells. The failure to up-regulate apoptosis-inductive genes in SAS cells with mp53 may help to explain their relative radioresistance. An investigation of the p53 gene status of tumor cells in cancer patients might introduce a predictive indicator of the effectiveness and the selection of cancer therapy.
